Calcium- versus G protein-mediated phosphoinositide. Hydrolysis in rat cerebral cortical synaptoneurosomes.
The role of calcium and sodium in stimulating phosphoinositide hydrolysis in brain was investigated in rat cerebral cortical synaptoneurosomes. In buffer containing 136 mM sodium and various concentrations of added calcium (0-1.0 mM), basal, potassium-stimulated, and norepinephrine-stimulated formation of 3H-inositol phosphates decreased with decreasing extracellular calcium. Potassium- and norepinephrine-stimulated formation of 3H-inositol phosphates was reduced to basal levels by addition of EGTA. Isosmotically replacing sodium with choline chloride or N-methyl-D-glucamine to disrupt Na+/Ca2+ exchange resulted in a large increase in the formation of 3H-inositol phosphates. Measurement of cytosolic calcium with fura-2 revealed that the cytosolic calcium concentration was sensitive to changes in the extracellular calcium concentration and increased on resuspension of synaptoneurosomes in sodium-free rather than sodium-containing medium. In the absence of sodium, potassium-stimulated formation of 3H-inositol phosphates was reduced or eliminated, depending on the extracellular calcium concentration. Subtraction of basal formation of 3H-inositol phosphates from that in the presence of 1 mM carbachol or 100 microM norepinephrine revealed that the carbachol-stimulated component was the same in the presence and absence of sodium, whereas the norepinephrine-stimulated component was reduced in the absence of sodium. Addition of the protein kinase C activator 12-O-tetradecanoylphorbol 13-acetate inhibited norepinephrine- and, to a lesser extent, carbachol but not basal or aluminum fluoride-stimulated formation of 3H-inositol phosphates in sodium-free medium. These results suggest that an increase in intracellular calcium, via disruption of Na+/Ca2+ exchange or depolarization-induced calcium influx, may explain previous demonstrations that agents that stimulate Na+ influx can also stimulate phosphoinositide hydrolysis.(ABSTRACT TRUNCATED AT 250 WORDS)